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Background. Adequate muscle strength, power, and endurance are important in chil-
dren’s daily activities and sports. Various instruments have been developed for the assessment
of muscle function; each measures different aspects. The Functional Strength Measurement
(FSM) was developed to measure performance in activities in which strength is required.

Objective. The study objective was to establish the test-retest reliability and structural and
construct validity of the FSM.

Design. A cross-sectional descriptive study was conducted.

Methods. The performance of 474 children with typical development on the FSM was
examined. Test-retest reliability (n�47) was calculated with the intraclass correlation coeffi-
cient (2.1A) for agreement. Structural validity was examined with exploratory factor analysis,
and internal consistency was established with the Cronbach alpha. Construct validity was
determined by calculating correlations between FSM scores and scores obtained with a
handheld dynamometer (HHD) (n�252) (convergent validity) and between FSM scores and
scores on the Movement Assessment Battery for Children–2 (MABC-2) (n�77) (discriminant
validity).

Results. The test-retest reliability of the FSM total score ranged from .91 to .94. The
structural validity revealed one dimension, containing all 8 FSM items. The Cronbach alpha was
.74. The convergent validity with the HHD ranged from .42 to .74. The discriminant validity
with MABC-2 items revealed correlations that were generally lower than .39, and most of the
correlations were not significant. Exploratory factor analysis of a combined data set (FSM,
HHD, and MABC-2; n�77) revealed 2 factors: muscle strength/power and muscle endurance
with an agility component.

Limitations. Discriminant validity was measured only in children aged 4 to 6 years.

Conclusions. The FSM, a norm-referenced test for measuring functional strength in chil-
dren aged 4 to 10 years, has good test-retest reliability and good construct validity.
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Adequate muscle function is an
important factor in enabling chil-
dren to perform their daily activ-

ities and sports.1,2 Jumping, running up a
flight of stairs, pushing a friend on a
swing, and lifting a box filled with toys
are examples of physical activities that
place different demands on muscle func-
tioning. Therefore, a comprehensive
evaluation of muscle functioning is
important for interpreting situations in
which children have difficulty executing
their daily tasks. Understanding the
extent to which deficits in muscle func-
tioning limit performance and how train-
ing can influence change is an important
aspect of program design. Verschuren et
al3 asserted that knowledge of the
psychometric properties of strength
measurements is critical in evaluating the
efficacy of training programs.

Physical therapists and sports coaches
may be particularly interested in measur-
ing strength in children. Three aspects of
muscle functioning—strength, endur-
ance, and power—are generally evalu-
ated. These aspects may be assessed in
various ways, and the interpretation of
the results can be used to make infer-
ences regarding general functional ability
and training needs.

Muscle strength refers to the ability of a
muscle to generate a maximal contrac-
tion expressed as a unit of force (eg,
newtons). Strength can be evaluated
with different instruments or clinical
measures, depending on the context and
purpose of the assessment. Clinical mea-
surement of isometric muscle strength
can be done with manual muscle testing,
which is an inexpensive and rapid
approach. However, manual muscle test-
ing may not be sufficiently sensitive to
measure strength in good and normal
ranges.4

Strength also can be determined with the
1-repetition-maximum assessment princi-
ple, which refers to the maximal load
that can be moved one time throughout
the full range of motion while the proper
form of the movement is maintained.5–7

Generally, the 1-repetition-maximum
principle is used to evaluate strength dur-
ing simple concentric or eccentric tasks,
such as lifting a dumbbell or performing

a bench press. However, standardized
1-repetition-maximum protocols for chil-
dren are not available, making compari-
sons across different groups difficult.

The isokinetic dynamometer is consid-
ered the gold standard for measuring
dynamic muscle action and often is used
in laboratory settings.8 However, isoki-
netic dynamometers are not used rou-
tinely in clinical settings because they are
expensive and the equipment has to be
adapted to fit the various anthropometric
characteristics of each child.9

In contrast, the handheld dynamometer
(HHD) is a portable and user-friendly
device that allows the rapid measure-
ment of isometric strength. Although the
HHD is widely used, Beenakker et al10

suggested that isometric strength does
not yield information about the func-
tional use of the generated force in real-
life situations and asserted that isometric
strength and functional ability are not
linearly related.

Muscle endurance is defined as the abil-
ity to sustain a fixed contraction or
repeatedly generate consecutive contrac-
tions for a prolonged period of time.5,6

Endurance levels can be determined by
observing changes in the performance of
the functional activity being examined.
The number of repetitions to fatigue is a
clinically useful method for designing
individual training schedules and for
comparing individual preintervention
and postintervention values. However,
the utility of assessment of the number of
repetitions to fatigue is limited because
activities selected for evaluation can be
performed in different ways and norma-
tive values for comparing outcomes in
children are not available.11

Muscle power refers to either the
amount of work done by a muscle (mus-
cle group) per unit of time (work/time)
or the product of the force exerted by
the muscle and the velocity of the mus-
cle action. In physical education litera-
ture, muscle power is further defined as
the ability of a muscle group to perform
an explosive movement, such as a sprint,
jump, or throw.12 Muscle power can be
assessed with isokinetic dynamometry or
functional activities, such as vertical or

long jump tests.12,13 In the latter tests,
power is calculated with equations that
take into consideration body mass and
distance covered.

Functional strength is defined as the
strength needed to perform a certain
activity. Everyday functional tasks
require not only strength but also regu-
lation of the amount and timing of force.
Thus, motor coordination (ie, balance,
agility, and control of spatial and tempo-
ral accuracy) also plays a role in func-
tional tasks. For the evaluation of func-
tional strength in children during
standardized functional activities, vari-
ous motor performance and physical fit-
ness test batteries can be used; these
include the Bruininks-Oseretsky Test
of Motor Proficiency–second edition
(BOT-2)14 and the Eurofit Test Battery
(for children aged 12–16 years).15 Each
of these batteries includes a subtest con-
taining a few items that measure strength
(eg, bent-arm hang and handgrip), endur-
ance (eg, number of push-ups, wall sit-
ups, and v-sit-ups completed in a defined
time), and power (eg, distance covered
during a standing long jump). Addition-
ally, a number of outcome measures for
functional muscle strength have been
developed for use in clinical populations;
these include the Functional Strength
Test3 for children with cerebral palsy
and the Motor Performance Test16 for
children with myopathy.

In the absence of a standardized, norm-
referenced instrument for measuring
different components of strength during
functional activities in children, the
Functional Strength Measurement
(FSM)17 was developed. This instrument
was designed for children with typical
development (TD) or children with mild
motor problems, such as developmental
coordination disorder, between the ages
of 4 and 10 years.

The process of developing the FSM com-
menced in 2006, with a review of the
literature regarding strength measure-
ment in children and an evaluation of
existing outcome measures commonly
used to assess strength, power, and
endurance in children. We also collected
information from our observations of
children at schools, playgrounds, and
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sports facilities. The data led to the cre-
ation of a list of physical activities that
met 3 criteria: strength was an important
factor in successful task performance,
function was evident (ie, the activities
chosen were similar to activities per-
formed in everyday life), and coordina-
tion requirements were low (ie, the bal-
ance and spatial requirements of an
activity were not important to the goal of
the task). A panel of 4 experts in pediat-
ric physical therapy was convened to
evaluate whether the list of activities
complied with the 3 criteria and to deter-
mine whether the list of preliminary test
items could be standardized.

The items that did not comply with the
criteria were modified or deleted
because they were either too difficult to
standardize or too difficult for the chil-
dren to perform. In a consensus meeting,
the expert panel found that the remain-
ing 8 items were an adequate reflection
of the construct functional strength and
thereby met the requirement for face
validity.17 The retained 8 items are
included in the current version of the
FSM, described in this article.

Next, normative values for each of the
retained items for different age groups
were established on the basis of data
collected from 616 children (4–10 years
old). For this normative sample, perfor-
mance on the test items improved across
the age range.17 The clinical utility and
feasibility of the FSM were established by
consulting the 9 therapists who were
involved in gathering the normative data.
The therapists were asked to report on
the children’s performance during the
test, their motivation to adhere to the
activities, and their understanding of
the test instructions. They also were
asked to comment on the administration
time and the ease of scoring. These users
reported that the FSM was simple to
administer and that testing and scoring
could be completed within 30 minutes.
The fact that children found the activities
interesting and fun was viewed as
another relevant advantage.

In the final test, 4 items (“overarm throw-
ing,” “underarm throwing,” “chest pass,”
and “lifting a box”) focused on the upper
extremities and 4 items (“lateral step-

up,” “sit to stand,” “stair climbing,” and
“standing long jump”) focused on the
lower extremities. The FSM was devel-
oped for use in children who have func-
tional strength–related motor problems
and who may be seen at pediatric phys-
ical therapy practices. The tasks were
designed to appeal to young children
because they replicated activities com-
monly encountered in daily life (Tab. 1).

The FSM measures 2 types of muscle
function: the explosive power generated
during one movement and muscle endur-
ance (number of repetitions within a
30-second time frame).

The FSM starts with a standardized
warm-up protocol, which is described in
the FSM manual.17 The FSM includes
practice trials and 3 rated trials. The
result from the best trial for each item is
recorded and compared with normative
scores, which are presented as standard
scores and percentile scores aligned to
the conventions used in other norm-
referenced tests, such as the Movement
Assessment Battery for Children–2
(MABC-2),18 Bayley Scales of Infant
Development–third edition,19 and BOT-
2.14 The standard scores are defined as
follows: 0�upper normal range (higher
than the 50th percentile), 1�lower nor-
mal range (between the 16th and 50th
percentiles), 2�at-risk range (between
the 5th and 15th percentiles), and
3�impaired range (lower than the 5th
percentile). Full tables of all of the stan-
dard scores for the 8 items across the age
range (4–10 years) are provided in the
FSM manual.17 The standard scores can
be summed and interpreted as a total
standard score or can be combined and
presented as cluster scores. The clusters
include items of the upper extremities
and items of the lower extremities or
items measuring explosive power and
items measuring muscle endurance. The
FSM items are shown in the Figure.

To meet the criteria for developing a
new outcome measure, it is important to
establish whether the test is reliable and
whether the test truly measures the con-
struct being investigated. Therefore, the
aim of the present study was to deter-
mine the test-retest reliability and struc-
tural and construct validity of the FSM. In

the absence of a gold standard for evalu-
ating functional muscle strength in chil-
dren, the construct validity of the FSM
was examined by generating and verify-
ing 2 hypotheses about the relationship
among functional strength, isometric
strength, and coordination (balance and
spatial accuracy).

First, we hypothesized that because iso-
metric strength is related to the capacity
to produce force and functional strength
is related to the use of force within an
activity, a moderate correlation (.4–.7)20

would be found between items of the
FSM and HHD measurements of isomet-
ric strength (convergent validity). Sec-
ond, we hypothesized that because FSM
items were selected on the basis of the
prerequisite that the balance and spatial
accuracy demands of the various tasks
were low, we would find a low correla-
tion (�.4)20 between items of the FSM
and items of the MABC-2 (discriminant
validity). The MABC-2 was chosen
because it contains items requiring high
levels of accuracy (ie, aiming at a target
at a 2-m distance and hopping within
small [30 � 45 cm] squares) or balance
(ie, walking with accurate foot place-
ment on a line and standing on one leg).
It is evident that in these tasks, fine-
tuning of muscle force, rather than abso-
lute strength, is the constraining factor
for adequate performance. Therefore,
we expected that the correlations
between the FSM and the MABC-2 (dis-
criminant validity) would be lower than
those between the FSM and the HHD
(convergent validity).21

Method
A cross-sectional descriptive study was
conducted to investigate the test-retest
reliability and structural and construct
validity of the FSM. Informed consent
was obtained from the parents of all of
the children.

Participants
Children with TD and aged 4 to 10 years
were recruited from 16 different schools
in the Netherlands (N�474: 245 boys
and 229 girls; mean age�7.1 years,
SD�1.9). Children with a history of seri-
ous neurologic, orthopedic, or cognitive
problems (intelligence quotient of �70)
were excluded. Data for different subsets
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of participants were used to examine
test-retest reliability and various aspects
of validity. The demographics of each
participant subset are described later in
this article.

Instruments
HHD. The microFET2 HHD (Hoggan
Health Industries, Salt Lake City, Utah)
was used to measure isometric strength.
Measuring isometric strength with an
HHD requires the participant to exert
force against a portable power trans-
ducer, which registers the force pro-

duced in newtons. Two protocols for
assessing force include the “make” and
“break” methods. In the break method,
the examiner gradually overcomes the
muscle force and stops when the limb
starts to move. In the make method, the
participant pushes against the power
transducer for 3 seconds, and the maxi-
mal force produced is recorded. In the
present study, isometric strength was
measured according to the protocol and
positions described by Beenakker et al.10

The reliability of the HHD for measuring
isometric strength in children was estab-

lished in several studies,22–24 and van den
Beld et al24 found that, overall, the HHD
was a valid measure for assessing isomet-
ric strength in children. In the present
study, the force of elbow flexion, elbow
extension, knee extension, and 3-point
grip was measured bilaterally with the
HHD. The break method was used for all
items, except for the 3-point grip, for
which the make method was used.

MABC-2. The MABC-218 is a standard-
ized, norm-referenced test of motor coor-
dination developed to assess children

Table 1.
Constructs of Items of the Functional Strength Measurement (FSM)

Item Construct Activity Muscle Function Coordination

Item 1. Overarm
throwing

Item 3. Underarm
throwing

Muscle power: ability
to generate one
explosive movement

Children aged 4–10 y
regularly play games
that involve throwing
and catching a ball

There is a relationship
between muscle
power and distance
covered37,38

Tests of motor proficiency, such as the
Movement Assessment Battery for Children–2,
include throwing activities, but performance is
measured in terms of the accuracy of the throw
(aiming) and not the throwing distance; for the
FSM, the distance that an object could be
thrown was assessed, and accuracy was not
important

Item 2. Standing
long jump

Muscle power: ability
to generate one
explosive movement

Children use jumping
as a part of games

There is a relationship
between muscle
power and distance
covered

13

Requires balance, planning, and coordination if
a child also is required to jump within a defined
space (eg, square); spatial constraints were
minimized by not defining a landing area or
landing posture

Item 4. Lateral
step-up

Muscle endurance:
number of
repetitions within
30 s

Although the isolated
movement lateral
step-up is not
functional, the action
is similar to stepping
up onto a bike or
scooter and is
somewhat similar to
stepping on stairs or
pavement

This task provides a
general impression of
the endurance of the
extensor muscles of
the lower extremities,
in particular, the
quadriceps and hip
abductor muscles

This task has also been used in cerebral palsy3

and has low coordination requirements;
children may place their fingers on a wall to
lower balance requirements

Item 5. Chest pass Muscle power: ability
to generate one
explosive movement

The ball throw or
pass makes use of a
movement pattern
used in many sports,
such as basketball
and volleyball

Upper limb and trunk
muscle power20,37

In this task, children sitting on the ground have
to fixate their backs against a wall; movements
are isolated to the upper limbs

Item 6. Sit to stand Muscle endurance:
number of
repetitions within
30 s

Standing up from a
chair and sitting
down is an activity
children perform
numerous times each
day39

Hip and knee
extensor muscles are
important39

Requires some level of balance and
coordination39; the coordination level of this
task was minimized by allowing standing on 2
legs and stretching the arms outward to
encourage weight transfer; this task also was
used in cerebral palsy3

Item 7. Lifting a box Muscle endurance:
number of
repetitions within
30 s

Children aged 4–10 y
regularly pick up
heavy objects (eg, a
box of blocks)

Upper limb and trunk
muscle endurance

Requires some coordination to control trunk
stability while lifting and placing a box in a
certain area, but this large area has no strict
borders

Item 8. Stair climbing Muscle endurance:
number of
repetitions within
30 s

Stair climbing and
climbing a play
structure are skills
involving alternating
leg movements

Lower limb muscle
endurance; no arm
support allowed

Requires coordination to keep balance while
briefly standing on one leg and accuracy to
place foot on a wide step
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between the ages of 3 and 16 years.
There are 3 item subsets per age band,
consisting of 8 items measuring manual
dexterity (3 items), aiming and catching
(2 items), and balance (3 items). The
internal consistency of the MABC-2 is
.90, and the test-retest reliability is excel-
lent (intraclass correlation coefficient
[ICC]�.97).25,26 In the present study, the
aiming and catching subset and the bal-
ance subset were used.

Procedure
All therapists involved in testing were
trained in the administration of the FSM,
HHD, and MABC-2 according to the stan-
dardized protocols described in the
respective manuals. Children with TD
were tested at different primary schools
in the Netherlands. The FSM, HHD, and
MABC-2 were all administered on the
same day, and all children were tested by
the same pediatric physical therapist (14
therapists in total). The order was the
same for all children. We started with the
HHD; measurements were taken while
the child was sitting or lying down (15
minutes). After a rest, the 2 aiming and
catching items and the 3 balance items of
the MABC-2 were administered (10 min-
utes). None of these items was tiring.
After another short break, the FSM was

administered. According to the FSM pro-
tocol, items for the upper and lower
extremities were alternated, and there
was a 30-second rest period between tri-
als (20 minutes).

Test-Retest Reliability
All therapists tested a random selection
of 3 to 5 children with the FSM twice
within 2 weeks. This subset of children
consisted of 47 children between 4 and
10 years of age (24 boys, 23 girls; mean
age�6.7 years, SD�1.5). Because we
wanted to determine whether the FSM
was reliable for both younger and older
children, this sample was divided into 2
groups: 4 to 6 years (n�24) and 7 to 10
years (n�23).

Structural Validity
The FSM item scores for all 474 children
were used for this analysis.

Construct Validity
Convergent validity. A group of 252
children (125 boys, 127 girls; mean
age�7.2 years, SD�2.2) selected by con-
venience sampling was evaluated with
the FSM and HHD.

Discriminant validity. A group of 77
children aged between 4 and 6 years (42
boys, 35 girls; mean age�5.01 years,
SD�0.85) was tested with the FSM and
MABC-2.

Factor Analysis
Data for factor analysis were from the
group of 77 children included in the dis-
criminant validity analysis. The group
was tested with the FSM, HHD, and
MABC-2.

Data Analysis
The Shapiro-Wilk test was used to deter-
mine whether the data were normally
distributed. Log transformation was used
for data that were not normally
distributed.

The 2-way ICC (2.1A) for agreement27

was calculated to determine the test-
retest reliability of the FSM with standard
scores. The standard error of measure-
ment was calculated by dividing the stan-
dard deviation of the difference between
the test and retest scores by the square
root of 2 (SDdifference/√2).27 The smallest
detectable change was calculated by
multiplying 1.96 by the standard devia-
tion of the difference between the test
and retest scores (1.96 � SDdifference).27

Structural validity was examined by
exploratory factor analysis. Eigenvalues
of greater than 1 were used to determine
the number of dimensions in the FSM. To
determine the degree to which items of
the FSM were interrelated, we calculated
the Cronbach alpha.

Convergent validity (construct validity)
was determined by calculating Pearson
correlation coefficients comparing the
outcomes for the FSM items with the
HHD data. Discriminant validity was
determined by calculating Spearman rho
correlations comparing the standard
scores on the FSM with the standard
scores on the MABC-2.

Factor analysis (varimax rotation with
Kaiser normalization) was conducted
with the raw data for the FSM, HHD, and
MABC-2, and a scree plot was created to
examine the underlying factors explain-
ing the pattern of correlations among the
3 measures.

Figure.
Items of the Functional Strength Measurement (FSM) and short descriptions.17
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All statistical analyses were performed
with IBM SPSS version 22 (IBM Corp,
Armonk, New York).

Results
Test-Retest Reliability
For test-retest reliability, the ICCs for
FSM cluster scores ranged from .77 to
.91. The ICCs for FSM total scores were
.91 for 4- to 6-year-old children and .94

for 7- to 10-year-old children. The medi-
ans, ranges, ICCs, 95% confidence inter-
vals, standard errors of measurement,
and smallest detectable changes are
shown in Table 2.

Structural Validity
Factor analysis of the 8 FSM items
revealed that one factor had an eigen-
value of greater than 1. This factor

explained 64% of the variance (eigen-
value�5.71). The Cronbach alpha was
.74. Deleting items did not increase the
Cronbach alpha.

Construct Validity
Convergent validity. Table 3 shows
the correlations between the different
items of the FSM and the HHD. The cor-
relation between the predominantly

Table 2.
Test-Retest Reliability (ICC), SEM, and SDC of Standard Scores for Items and Clusters and Total Score of the Functional Strength
Measurement (FSM)a

Item

Age Group 4–6 y (n�24) Age Group 7–10 y (n�23)

Median
(Min–Max)

ICC
(95% CI) SEM SDC

Median
(Min–Max)

ICC
(95% CI) SEM SDC

Overarm throwing 1 (0–2) .59 (.25, .80) 0.50 1.37 0 (0–3) .75 (.50, .89) 0.42 1.18

Standing long jump 0 (0–2) .78 (.55, .90) 0.29 0.80 1 (0–3) .86 (.69, .94) 0.39 1.08

Underarm throwing 0 (0–3) .86 (.71, .94) 0.25 0.71 1 (0–3) .81 (.61, .92) 0.43 1.17

Lateral step-up right 0 (0–2) .46 (.1, .72) 0.47 1.29 1 (0–3) .77 (.53, .90) 0.35 0.96

Lateral step-up left 0 (0–2) .62 (.29, .82) 0.38 1.03 1 (0–2) .70 (.43, .86) 0.39 1.08

Chest pass 0 (0–2) .56 (.22, .78) 0.48 1.33 0 (0–2) .83 (.65, .93) 0.29 0.82

Sit to stand 1 (0–2) .66 (.20, .86) 0.35 0.96 1 (0–3) .79 (.56, .90) 0.39 1.08

Lifting a box 0 (0–2) .84 (.66, .93) 0.20 0.57 1 (0–3) .81 (.60, .91) 0.41 1.13

Stair climbing 0 (0–1) .84 (.67, .93) 0.14 0.39 1 (0–3) .86 (.70, .94) 0.34 0.96

Upper extremity 1.5 (0–7) .83 (.61, .93) 0.69 1.92 4 (0–10) .95 (.89, .98) 0.59 1.63

Lower extremity 2 (0.5–6) .77 (.33, .91) 0.59 1.63 3 (0–10.5) .90 (.79, .86) 0.87 2.39

Explosive items 1.5 (0–6) .85 (.59, .94) 0.62 1.72 2 (0–7) .89 (.76, .95) 0.75 2.08

Muscle endurance 1.5 (0.5–5) .80 (.29, .93) 0.50 1.39 3 (0–10) .84 (.63, .93) 0.97 2.69

Total FSM score 3 (1–11) .91 (.80, .96) 0.83 2.33 5 (1–16) .94 (.87, .98) 1.01 2.80

a ICC�intraclass correlation coefficient for agreement, SEM�standard error of measurement, SDC�smallest detectable change, Min�minimum,
Max�maximum, CI�confidence interval.

Table 3.
Pearson Correlations Between Hand-Held Dynamometer Items and Functional Strength Measurement (FSM) Itemsa

Item
(n�252)

Flexion
Elbow
Right

Flexion
Elbow
Left

Extension
Elbow
Right

Extension
Elbow
Left

Three-Point
Grip
Right

Three-Point
Grip
Left

Extension
Knee
Right

Extension
Knee
Left

Overarm throwing .63 .63 .60 .62 .64 .63 .60 .68

Standing long jump .72 .70 .56 .61 .70 .66 .63 .69

Underarm throwing .72 .74 .57 .60 .63 .57 .64 .64

Lateral step-up right .67 .66 .53 .53 .61 .57 .58 .62

Lateral step-up left .66 .65 .51 .50 .61 .57 .57 .59

Chest pass .59 .60 .55 .54 .54 .52 .54 .60

Sit to stand .50 .54 .38 .41 .45 .42 .42 .47

Lifting a box .70 .68 .55 .57 .61 .58 .68 .70

Stair climbing .73 .70 .56 .58 .71 .67 .63 .66

a Significant values for the upper extremities are shown in bold type, and those for the lower extremities are shown in italic type. For all data, P�.01.
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upper limb items of the FSM and the
upper extremity items of the HHD
ranged from .54 to .74. The correlation
between the predominantly lower limb
items of the FSM and isometric knee
extension strength ranged from .42 to
.69.

Discriminant validity. Table 4 shows
the correlations between the standard
scores of the different items of the FSM
and the MABC-2. The correlation
between the predominantly upper
extremity items of the FSM and the aim-
ing and catching items of the
MABC-2 ranged from .23 to .39. The cor-
relation between the predominantly
lower extremity items of the FSM and
the MABC-2 items ranged from .24 to
.29.

Determining Underlying Factors
The MABC-2 data were not normally dis-
tributed. Therefore, log transformation
of the raw data was used for this analysis.
The exploratory factor analysis of the
combined data set (FSM, HHD, and
MABC-2) revealed that 5 components
had an eigenvalue of greater than 1.
Together they explained 71% of the vari-
ance. The scree plot, however, showed
the presence of 2 major factors. There-
fore, confirmatory factor analysis was

repeated with 2 fixed factors. Table 5
shows the results of the 2-factor solution.
These factors explained 51% of the vari-
ance. Values exceeding .50 are shown in
bold type in Table 5.

Discussion
The aim of the present study was to
investigate the test-retest reliability and
structural and construct validity of the
FSM.17 The construct validity was exam-
ined by generating and verifying hypoth-
eses about the relationship among iso-
metric strength, functional strength, and
coordination.

Test-Retest Reliability
Our results showed good test-retest reli-
ability20 for FSM cluster scores
(ICC�.77–.95) and FSM total scores
(ICC�.91–.94). In younger children
(4–6 years old), the 95% confidence
interval was larger (especially for endur-
ance items), meaning that scores in
young children were less stable. As
expected, the 95% confidence interval
was larger when we examined single
items than when we examined cluster
scores and the total score. Therefore, we
advise that—especially in younger chil-
dren—conclusions about functional
strength should be based only on cluster

and total scores and not on item
scores.

Structural Validity
Structural validity is defined as the
degree to which the scores of the mea-
surement instrument are an adequate
reflection of the dimensionality of the
construct being measured.27 Because
more than 50% (64%) of the variance was
explained, it may be stated that the FSM
has good structural validity.20 Moreover,
the internal consistency, as measured
with the Cronbach alpha, was high (.74),
suggesting that the different items of the
FSM are related.20 This finding means
that the 8 items together measure a sim-
ilar construct, as we expected, because
the various FSM items were selected on
the basis of activities in which functional
strength plays an important role.

Construct Validity
We found moderate to strong correla-
tions (.42–.74) between items of the FSM
and both upper and lower extremity
items of the HHD, suggesting the pres-
ence of an overall factor related to
strength. However, functional strength
involves multiple muscle groups work-
ing together in a coordinated manner
across a range of joint angles. The range

Table 4.
Spearman Rho Correlations Between Functional Strength Measurement (FSM) Items and Movement Assessment Battery for Children—
2 Itemsa

Item
(n�77) Catching Aiming

Standing
on One Leg
(Best Leg)

Standing
on One Leg
(Other Leg)

Walking
on the
Line Hopping

Aiming and
Catching
Domain

Balance
Domain

Overarm throwing �.25b �.13 �.20 �.23b .07 �.01b �.23b �.16

Standing long jump �.05 �.13 �.14 �.11 .17 �.11 �.20b �.08

Underarm throwing �.21 .02 .07 .04 .14 .01 .04 .21b

Lateral step-up right �.22b �.13 �.28b �.29c �.24b �.22 �.06 �.13

Lateral step-up left �.27b �.26b �.25b �.29c �.19 �.25b �.09 �.07

Chest pass �.36c �.31c �.16 �.17 .07 �.32c �.39c �.13

Sit to stand �.16 �.23b �.10 �.10 �.16 �.29c �.09 �.12

Lifting a box �.36c �.37c �.24b �.20 �.23b �.19 �.30c �.24c

Stair climbing �.07 �.32c �.09 �.09 �.11 �.05 �.24c �.17

Upper extremity �.36c �.25c �.18 �.17 �.001 �.18 �.31c �.09

Lower extremity �.18 �.33c �.23c �.24b �.10 �.18 �.21b �.16

a Significant values for the upper extremities are shown in bold type, and those for the lower extremities are shown in italic type.
b P�.05.
c P�.01.
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of correlations indicates that apart from
isometric strength, additional factors—
such as power, muscle endurance, and
coordination—play important roles in
certain items of the FSM.

Our findings regarding convergent valid-
ity are partly in accordance with those of
other studies. Baker et al28 reported that
dynamic strength and isometric strength
are moderately related (.57–.61). Castro-
Pinero et al29 also found moderate to
high correlations between functional
measures of muscle power of the lower
extremities (standing long jump, vertical
jump, squat jump, and counter jump)
and the upper extremities (throwing a
basketball and push-ups) and isometric
strength (pushing a bar). It is likely that
the higher correlations reported in the
latter study reflected the nature of the
activities chosen to assess isometric
strength. Pushing a bar is an isometric
strength item but includes more than
one muscle (group), whereas the HHD
(as in the present study) provides a more
isolated measure of muscle strength.

Correlations between functional
strength items of the lower extremities
(ie, standing long jump) and isometric
upper extremity strength (ie, elbow flex-
ion and extension) also were moderate.
Although this finding may seem unex-
pected, support for the relationship
between upper extremity strength and
jumping was also found in other studies.
Fjørtoft et al30 described high correla-
tions between throwing a medicine ball
and the standing broad jump. Seyfarth et
al31 explained that in the take-off phase
of the standing long jump, stored energy
from the upper limb muscles was used to
augment the execution of the jump.
Moreover, Lees et al32 suggested that arm
swing contributed to jump performance
in both submaximal and maximal
jumping.

The FSM was designed to measure func-
tional strength during activities that min-
imize demands on motor coordination.
In accordance with our hypothesis, the
upper extremity items of the FSM
were weakly correlated (.23–.39) with
the catching and aiming items of the
MABC-2. Evidently, both types of tasks
involve the act of throwing. However,

throwing a beanbag onto a defined spot
(a target) is different from throwing or
passing a weighted bag as far as possible.
These correlations were lower than the
correlations between the upper extrem-
ity items of the FSM and the HHD (.52–
.72), also in accordance with our
hypothesis.

Discriminant validity was confirmed
with the MABC-2 balance items. There
was no significant correlation between
the FSM items and the item “walking on
the line” (.10–.19). The item “lateral
step-up” showed low correlations with
the item “walking on the line” (.24) and
the item “standing on one leg” (.25–.29).

The correlation between the upper
extremity cluster of the FSM and the item
“standing on one leg” was significant
(.33). This relationship may be under-
stood by considering the movement pat-
tern used to generate a forceful throw.
The FSM item “throwing” requires
weight transfer in an anterior-posterior
direction to lift the heavy bag behind the
head or move it between the legs and
propel it forward, thus placing some
demand on static balance control. Impor-
tantly, the correlation between the lower
extremity cluster of the FSM and the bal-
ance domain of the MABC-2 was not sig-
nificant. This finding confirmed that we
were able to keep the prerequisite levels

Table 5.
Factor Analysisa

Instrument (n�77)

Rotated Component Matrixb

Item

Component

1 2

Movement Assessment
Battery for Children–2

Catching .28 .63

Aiming .36 .60

Standing on one leg (best leg) .28 .66

Standing on one leg (other leg) .29 .69

Walking on the line �.004 .42

Hopping .06 .37

Functional Strength
Measurement

Overarm throwing .66 .48

Standing long jump .64 .19

Underarm throwing .62 .38

Lateral step-up right .05 .77

Lateral step-up left .04 .79

Chest pass .50 .59

Sit to stand .02 .60

Lifting a box .20 .67

Stair climbing .54 .41

Handheld dynamometer Flexion elbow right .85 .07

Flexion elbow left .80 .04

Extension elbow right .77 �.003

Extension elbow left .77 �.06

Three-point grip right .62 .14

Three-point grip left .67 .18

Extension knee right .60 .28

Extension knee left .69 .34

a The extraction method was principal components analysis. The rotation method was varimax rotation
with Kaiser normalization. Values exceeding .50 are shown in bold type.
b The rotation converged in 3 iterations.
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of balance as well as spatial accuracy
needed to perform the lower extremity
FSM items as low as possible.

Although balance and accuracy are
important factors in all movements and
daily activities, it seems that the coordi-
nation requirements within items of the
FSM are low and do not constrain chil-
dren with TD in performing the items.
Further research is needed to confirm
whether this is also the case in children
with mild developmental disabilities and
to test whether other mediating factors
explain the correlations between test
items.

Factor Analysis
Factor analysis of the FSM, MABC-2, and
HHD items revealed 2 underlying com-
ponents within the total item set. One of
these components appeared to be
related to muscle strength because all of
the HHD items loaded on this factor. The
FSM items “overarm throwing,” “stand-
ing long jump,” “underarm throwing,”
“chest pass,” and “stair climbing” also
loaded on this strength factor. Apart
from the item “stair climbing,” these
items are considered to be measures of
explosive power, in that stored energy is
transferred into action. This finding sup-
ports the validity of the FSM items as a
measure of power.

All MABC-2 items except for the dynamic
balance items (“walking on the line” and
“hopping”) loaded on a different factor
together with the items “lateral step-up,”
“lifting a box,” “chest pass,” and “sit to
stand.” The items “lateral step-up,” “lift-
ing a box,” and “sit to stand” require the
ability to switch rapidly between differ-
ent types of muscle contractions (eccen-
tric and concentric). This factor appears
to be related to muscle endurance with
an agility component. Agility is defined
as the ability to change the direction of
the body in an efficient and effective
manner.33 Performing tasks with agility
requires a combination of balance,
speed, and repetitive reversal
contractions.

The item “chest pass” loaded on both
factors. For this item, there is less oppor-
tunity to use alternative strategies and to
make a kinetic chain. Only the upper

extremities are allowed to move, and the
starting position for this item is more
fixed. Participants are required to sit
against a wall while pushing a bag. Main-
taining this upright sitting position while
keeping the back against the wall prob-
ably requires more postural fixation, and
pushing the bag requires muscle power.

The FSM was developed to detect func-
tional strength deficits in children. Chil-
dren with developmental coordination
disorder have been reported to have less
strength than children with TD.2 Three
recent studies34–36 showed that children
with mild motor problems performed
worse on certain items of the FSM than
children with TD. These studies also sup-
ported the validity of the FSM. In 2 of
these 3 studies, the FSM was used as an
outcome measure and was sensitive
enough to reveal improvement in func-
tional strength after intervention.35,36

In summary, the FSM appears to meet the
criteria for a thorough evaluation of mus-
cle functioning. This conclusion is sup-
ported by the fact that the FSM allows
determination of the nature of the mus-
cle functioning deficit because both mus-
cle power and muscle endurance are
evaluated. The literature has reported
that deficits in muscle function have a
negative influence on motor perfor-
mance in children.1,2 The FSM can be
used to identify the specific aspect of
muscle functioning that limits perfor-
mance during activities. Moreover, when
force production has a large reversal or
alternating component, the fast changes
in force control become the limiting fac-
tor (which we called muscle endurance
with an agility component). In this way,
the nature of the strength deficit may be
captured further. The extent of the def-
icit may be determined by use of the
normative values. Once the nature and
extent of the performance deficits have
been established with the FSM, thera-
pists and coaches can use this informa-
tion to design appropriate intervention
programs and evaluate their efficacy.35

Study Limitations
The fact that discriminant validity was
investigated only in children with TD
and aged 4 to 6 years limits the general-
ization of the findings. Further studies

investigating validity in older children
and in children with motor performance
problems are planned.

In the absence of a gold standard out-
come measure for assessing functional
strength, we chose to investigate con-
struct validity by generating 2 hypothe-
ses regarding the relationship among iso-
metric strength, functional strength, and
coordination. It would be interesting to
compare the FSM with the BOT-2,
because the latter test has some items
measuring strength and some items mea-
suring agility. In the present study, we
investigated only test-retest reliability.
Interobserver and intraobserver reliabil-
ity has not yet been examined.

Clinical Utility
In daily physical therapist practice, the
FSM can be used to detect deficits in
functional strength. Therapists examin-
ing children with generalized weakness
may use the FSM to determine whether
the upper or lower extremities are more
affected and to establish whether there is
predominantly a muscle power defi-
ciency or a muscle endurance deficiency.
In this way, interventions can be more
focused on specific problems. With the
existing norms, it is possible to compare
the performance of groups of patients
with that of children with TD and to
determine whether problems in daily life
may be related to functional strength def-
icits. Further studies examining the
responsiveness and clinical utility of the
FSM in children with specific diagnoses
are planned so that the FSM may be used
as an outcome measure in strength train-
ing interventions for these children.

In conclusion, the FSM is a reliable, stan-
dardized, norm-referenced test that mea-
sures different components of muscle
function during functional activities in
children aged 4 to 10 years.

The FSM has good construct validity and
good test-retest reliability. The reliability
is higher in older children (7–10 years)
than in younger children (4–6 years).
Additionally, the total score or combined
cluster scores for the items are more reli-
able than individual item scores.

Functional Strength Measurement in Children

896 f Physical Therapy Volume 96 Number 6 June 2016



Mrs Aertssen and Professor Smits-Engelsman
provided concept/idea/research design,
data analysis, project management, partici-
pants, and facilities/equipment. All authors
provided writing. Mrs Aertssen provided
data collection. Professor Smits-Engelsman
provided institutional liaisons and consulta-
tion (including review of manuscript before
submission). The authors thank all of the
schools, children, and parents for participat-
ing in this study and the students of Avans-
Plus for their help with collecting the data.

The study was approved by the Dutch Med-
ical Ethics Committee (CCMO).

DOI: 10.2522/ptj.20140018

References
1 Holm I, Fredriksen P, Fosdahl M, Vollestad

N. A normative sample of isotonic and iso-
kinetic muscle strength measurements in
children 7 to 12 years of age. Acta Paedi-
atr. 2008;97:602–607.

2 Rivillis I, Hay JA, Faught BE. Physical activ-
ity and fitness in children with develop-
mental coordination disorder: a systematic
review. Res Dev Disabil. 2011;32:894–
910.

3 Verschuren O, Takken T, Ketelaar M, et al.
Reliability of hand-held dynamometry and
Functional Strength Test for the lower
extremity in children with cerebral palsy.
Disabil Rehabil. 2008;30:1358–1366.

4 Schwartz S, Cohen ME, Herbison GJ, Shah
A. Relationship between two measures of
upper extremity strength: manual muscle
test compared with hand-held. Arch Phys
Med Rehabil. 1992;73:1063–1068.

5 Wilmore JK, Costill DL. Physiology of
Sport and Exercise. Champaign, IL:
Human Kinetics; 2007.

6 Komi PV. Strength and Power in Sport.
Oxford, United Kingdom: Blackwell Sci-
ence Ltd; 2003.

7 McDonagh MJN, Davies CTM. Adaptive
response of mammalian skeletal muscle to
exercise with high loads. Eur J Appl
Physiol. 1984;52:139–155.

8 Stark T, Walker B, Phillips JK, et al. Hand-
held dynamometry correlation with the
gold standard isokinetic dynamometry: a
systematic review. PM&R. 2011;3:472–
479.

9 Jones MA, Stratton G. Muscle function
assessment in children. Acta Paediatr.
2000;89:753–761.

10 Beenakker EAC, van der Hoeven JH, Fock
JM, Maurits NM. Reference values of max-
imum isometric muscle force obtained in
270 children aged 4 to 16 years by hand-
held dynamometry. Neuromuscul Disord.
2001;11:441–446.

11 Pate R, Oria M, Pittsburg L. Fitness Mea-
sures and Health Outcomes in Youth.
Washington, DC: National Academies
Press; 2012.

12 Sapega A, Drillings G. The definition and
assessment of muscular power. J Orthop
Sports Phys Ther. 1983;5:7–9.

13 Tambalis KD, Panagiotakos DB, Arnaoutis
G, Sidossis LS. Endurance, explosive
power, and muscle strength in relation to
body mass index and physical fitness in
Greek children aged 7–10 years. Pediatr
Exerc Sci. 2013;25:394–406.

14 Bruininks RH, Bruninks BD. Bruininks-
Oseretsky Test of Motor Proficiency. 2nd
ed. Minneapolis, MN: Pearson Assessment;
2005.

15 Adam C, Klissouras V, Ravazzolo M, et al.
Eurofit: Handbook for the EUROFIT Tests
of Physical Fitness. Strasbourg, France:
Committee for the Development of Sport,
Council of Europe; 1993.

16 van den Beld WA, van der Sanden GA,
Sengers RC, et al. Validity and reproduc-
ibility of a new diagnostic motor perfor-
mance test in children with suspected
myopathy. Dev Med Child Neurol. 2006;
48:20–27.

17 Smits-Engelsman BCM, Verhoef-Aertssen
WFM. Functional Strength Measurement
(FSM): Manual. Meteren, the Nether-
lands: FSM Production; 2012.

18 Smits-Engelsman BCM. Movement Assess-
ment Battery for Children—2 Dutch stan-
dardization. Amsterdam, the Nether-
lands: Pearson Education; 2010.

19 van Baar AL, Steenis LJP, Verhoeven M,
Hessen DJ. BSID-III-NL: Bayley Scales of
Infant Development. 3rd ed. Amsterdam,
the Netherlands: Pearson Education; 2014.

20 Taylor R. Interpretation of the correlation
coefficient: a basic review. J Diagn Med
Sonogr. 1990;6:35–39.

21 Schellingerhout JM, Heymans MW, Verha-
gen AP, et al. Measurement properties of
translated versions of neck-specific ques-
tionnaires: a systematic review. BMC Med
Res Methodol. 2011:11:87.

22 Wadsworth CT, Kishnan R, Sear M, et al.
Intrarater reliability of manual muscle test-
ing and hand-held dynametric muscle test-
ing. Phys Ther. 1987;67:1342–1347.

23 Gajdosik GC. Ability of very young chil-
dren to produce reliable isometric force
measurements. Pediatr Phys Ther. 2005;
17:251–257.

24 van den Beld WA, van der Sanden GA,
Sengers RC, et al. Validity and reproduc-
ibility of hand-held dynamometry in chil-
dren aged 4–11 years. J Rehabil Med.
2006;38:57–64.

25 Smits-Engelsman BCM, Niemeijer AS, van
Waelvelde H. Is the Movement Assessment
Battery for Children—2nd edition a reli-
able instrument to measure motor perfor-
mance in 3 year old children? Res Dev
Disabil. 2011;32:1370–1377.

26 Blank R, Smits-Engelsman BCM, Polatajko
H, Wilson P. European academy for child-
hood disability: recommendations on the
definition, diagnosis and intervention of
developmental coordination disorder. Dev
Med Child Neurol. 2012;54:54–93.

27 De Vet HCW, Terwee CB, Mokkink LB,
Knol DL. Measurement in Medicine. Cam-
bridge, United Kingdom: Cambridge Uni-
versity Press; 2011.

28 Baker D, Wilson G, Carlyon B. Generality
versus specificity: a comparison of
dynamic and isometric measures of
strength and speed-strength. Eur J Appl
Physiol Occup Physiol. 1994;68:350–355.

29 Castro-Pinero J, Ortega FB, Artero EG,
et al. Assessing muscular strength in
youth: usefulness of standing long jump as
a general index of muscular fitness. J
Strength Cond Res. 2010;24:1810–1817.

30 Fjørtoft I, Pedersen AV, Sigmundsson H,
Vereijken B. Measuring physical fitness in
children who are 5 to 12 years old with a
test battery that is functional and easy to
administer. Phys Ther. 2011;91:1087–
1095.

31 Seyfarth A, Blickhan R, Van Leeuwen JL.
Optimum take-off techniques and muscle
design for long jump. J Exp Biol. 2000;
203:741–750.

32 Lees A, Vanrenterghem J, De Clercq D.
The energetics and benefit of an arm
swing in submaximal and maximal vertical
jump performance. J Sports Sci. 2006;24:
51–57.

33 Verschuren O, Takken T, Ketelaar M, et al.
Reliability for running tests for measuring
agility and anaerobic muscle power in chil-
dren and adolescents with cerebral palsy.
Pediatr Phys Ther. 2007;19:108–115.

34 Ferguson GD, Aertssen WF, Rameckers
EA, et al. Physical fitness in children with
developmental coordination disorder:
measurement matters. Res Dev Disabil.
2014;35:1087–1097.

35 Ferguson GD, Naidoo N, Smits-Engelsman
BCM. Health promotion in a low-income
primary school: children with and without
DCD benefit, but differently. Phys Occup
Ther Pediatr. 2015;35:147–162.

36 Ferguson GD, Jelsma D, Jelsma J, Smits-
Engelsman BCM. The efficacy of two task-
orientated interventions for children with
developmental coordination disorder:
neuromotor task training and Nintendo
Wii fit training. Res Dev Disabil. 2013;34:
2449–2461.

37 Stockbrugger BA, Haennel RG. Validity
and reliability of a medicine ball explosive
power test. J Strength Cond Res. 2001;15:
431–438.

38 Cronin JB, Owen GJ. Upper-body strength
and power assessment in women using a
chest pass. J Strength Cond Res. 2004;18:
401–404.

39 Hennington G, Johnson J, Penrose J, et al.
Effect of bench height on sit to stand in
children without disabilities and children
with cerebral palsy. Arch Phys Med Reha-
bil. 2004;85:70–76.

Functional Strength Measurement in Children

June 2016 Volume 96 Number 6 Physical Therapy f 897


